METHOD matter is filtered from sea water, the iron can be extracted completely from the solid residue with cold I N hydrochloric acid. This concentration is unmanageably great for acidification of a sea water sample of about 100 ml., so attempts were made to use 0' I N acid. At this level blanks are low and partial neutralization is easier. 0' I N acid was ineffective in the cold, although boiling for I h dissolved more than 90 % of the iron present. Solution of iron appeared to be complete however when the acidified sample was heated in an autoclave for 5 h at 1400 C. Since the treatment extracted appreciable and varying amounts of iron from borosilicate glassware, fused silica flasks had to be used. It proved convenient to add I mi. of concentrated hydrochloric acid to 85 ml. of sea water to give a concentration of 0'12-0'14 N. Mter digestion and adjustment of volume the addition of 10 ml. (20%, w/v) sodium acetate brought the solution to pH 3'8 ± 0'2, which was suitable for colorimetric determination.
Of the many very satisfactory colorimetric reagents for iron, I: 10 phenanthroline seemed to be the most suitable. It was extensively tested by Fortune & Mellon (1938) , who found it effective (with ferrous iron) in the pH range 2-9. Of fifty-five ions which these authors tested for interference none of the undesirable ones, with the possible exception of fluoride, is present in sea water in troublesome quantity. 2-2'-Dipyridyl, of similar sensitivity and also interference-free, has a narrower pH range of 3'5-8'5 (Hill, 1930) . It could be used, but extra sodium acetate might be desirable to raise the pH somewhat (since colour development tends to be slow at the higher acidities) and this would undoubtedly increase blanks.
Some tests with I: 10 phenanthroline were made to see whether fluoride would interfere with iron determinations at pH 3'8, and it was found that there was .no effect up to a concentration of 7,6 mg F/l. (400 fLgatom F/l.). This is 5 or 6 times the usual concentration in sea water, which is stated to be about 1'4 mg F/l. (74 fLgatom F/l.) (Thompson & Taylor, 1933) .
It was found that I: 10 phenanthroline could be used with confidence and that the method prescribed by Fortune & Mellon, using hydroxylamine hydrochloride for reduction of ferric iron, could be followed closely with sea water. The depth of colour, which does not fade, is unaffected by the salts in the water, and Beer's Law is obeyed in a simple filter absorptiometer. Hydroxylamine hydrochloride 10%, wJv. Dissolve 10 g NH20H.HCI in water and make to 100 m1. I: 10 phenanthroline 0'1 %, wfv. Dissolve 0'25 g I: 10 phenanthroline in hot water, cool and make to 250 ml.
Analysis of sea water
Measure 85 ml. of the properly collected (see below) and well-shaken sample into a 100 m1. silica flask and add 1'0 m1. conc. HCI, preferably with a syringe pipette. Cover the flask and heat for 5 h in an autoclave at 140°C, Mter cooling, adjust the volume to 86 ml., transfer to a 150 or 250 ml. borosilicate flask and add 10 ml. 20 % sodium acetate and I ml. 10% NH20H.HCI, using pipettes. Mix the solution, and measure the absorbance in a 10 or 15 cm cuvette at about 510 mJ.L (Ilford no. 603 or combination of 303 and 404 filters). This reading will allow correction for slight turbidity of the solution. Return the solution from the cuvette to the flask, add 3 m1. 0'1 % I: 10 phenanthroline solution, mix, and measure the absorbance again after 10 min. The difference between the two readings, when corrected for the absorbance of the blank, measures the iron content of the sample.
Blank determination
Carry 85 m1. of iron-free distilled water through the same procedure. If it is found that release of iron from the flasks is negligible digestion of blanks may of course be omitted.
Calibration
In a series of 100 ml. graduated flasks, place measured amounts of the standard iron solution (or of a fresWy prepared known dilution of it), to give a range of known iron concentrations. They may be chosen on the assumption that about 60J.Lg Fe in 100 m1. are required to give an absorbance of 1'0 in a 10 cm cuvette in a filter absorptiometer at about 510 mJ.L. Add distilled water to a volume of about 80 ml., and then add HCI, sodium acetate, NH20H. HCI and I: 10 phenanthroline in the quantities given above.
Adjust the volumes to 100 ml., mix and measure absorbance after 10 min. Construct a calibration curve. This should be a straight line. If so, it is convenient to recalculate the slope as the concentration of iron in an 85 ml. sea-water sample required to give an absorbance of 1'00. The product of this factor and the corrected absorbance of a treated sea-water sample is the concentration of iron in the sample. Calibration should be repeated occasionally as a check on the constancy of the absorptiometer. If the curve is linear a check at one iron concentration is enough.
TESTS OF METHOD
The effectiveness of the digestion in extracting iron from refractory marine material was tested by comparing the amount brought into solution by digestion with that found after ignition and fusion with potassium bisulphate. For this test two samples, one of marine silt and the other of equal parts of dried whole fish meal and dried ground sea weed, were homogenized by grinding. Fibrous material in the second sample was removed with a roo-mesh sieve. Portions of 50-roo mg were weighed and assayed by the two methods. The results, expressed as iron contents of the samples, are given in Table I , and show that recovery of iron by the digestion method was sensibly complete.
For trials with sea water, two carboys of freshly collected water were well shaken and kept vigorously stirred whilst samples were drawn off by siphon. From each carboy three samples of 21. each were taken for filtration as described below, and three sets of eight samples for replicate determinations and the filtrates reserved. Each membrane with the suspended matter on it was ignited in platinum and the residue fused with bisulphate. Iron in the melt was determined, blanks being carried through all stages. To the iron concentrations thus found were added those found in the filtrates by the digestion method. Any material passing the filter was necessarily very finely subdivided and was assumed to be readily dissolved. (The amount of iron found in these filtrates varied from 4 to 8 fLgFell., and may be compared with the 2-5'5 fL Fell. found after filtration through' Millipore' membranes of 0'5 fL A.P.D. by Lewis & Goldberg.) This procedure gave an independent estimate of total iron in the samples, although it is probably not very accurate because so much manipulation is involved.
The samples for digestion were carried through the method described above. Those for test by Thompson & Bremner's method were heated to fuming as prescribed in the original method. Silica flasks were used. The colorimetric finish with thiocyanate, however, was set aside in favour of the I: 10 phenanthroline procedure after neutralization of excess acid with ammonia, iron in this reagent being allowed for. The samples for Cooper's 'Total Iron' method were treated as described in his 1948 paper, dipyridyl being used.
The results are given in Table 2 . Taking into consideration the marked scatter in the figures it can be seen that the filtration, Thompson & Bremner's and the new digestion methods agree well, but that the HCI-bromine 'Total Iron' method is not rigorous enough, as Cooper himself surmised (1948, p. 281) .
COLLECTION OF SAMPLES
Circumspection is obviously needed when samples are taken from a steel ship and in a hydrographic water bottle on a steel wire. Ordinary glass samplebottles are unsuitable, even after washing with acid, since they are appreciably attacked by sea water. Iron in the glass is released, remaining on the walls of the bottle, probably as a film offerric hydroxide, but easily contaminating the sample. Moreover, Goldberg (1952) showed that iron added to sea water is rapidly adsorbed by glass. Polyethylene bottles, though not ideal, may be used. Analysis of some new bottles showed the plastic to be iron-free, but it should be remembered that the bottles may be made on iron or steel moulds. It is advisable to wash out all bottles with strong hydrochloric acid before use (a little wetting agent such as cetyl ammonium bromide with the acid is helpful) and to test for extractable iron by filling with O'IN-HCI and heating for several hours in a water bath at 100°C and then determining iron in the solution. It has been noticed that polyethylene bottles which had been used repeatedly for collection of water for other analyses had an internal deposit of ferruginous material which came out only after prolonged acid treatment.
Deposition of iron on the walls of polyethylene bottles takes place rapidly from raw sea water. Experiments showed that in a week one-quarter of the iron originally present was so deposited; storage for 4 weeks showed losses of one-half to two-thirds. The iron deposited is difficult to recover, only half of it being removed by standing with 0'1N-HCl for several days with occasional shaking. It is advisable therefore to complete iron determinations soon after collection. When this cannot be done the samples should be acidified when collected. For long storage it would probably be advisable to use the full amount of acid, i.e. 1'0 m1. conc. HCI per 85 m1. of sample, but for 3 weeks' storage a smaller amount is sufficient. Table 3 shows the effectiveness of addition of I mI. of 10 %, v/v, HCI per 100 mI. sample. This amount of acid may be disregarded when acidifying before digestion and its contribution to the reagent blank is usually negligible. 105, 83, 86, 86, 80, 81, 86, 88, 88, 84 Mean 86 S.D. ± 7 p,g Fell. Tables 2 and 3 include standard deviations. The sets of samples analysed are hardly random ones, but subsamples oflarger portions which were vigorously stirred whilst subsampling. Those of Table 2 were, as stated, from carboys (20-251.), whilst those of Table 3 were from a bucket (81.). A set of ten samples, each of85 mI., from ten consecutive buckets of water taken from the sea surface at Station E I whilst the ship was stopped gave a mean iron content of 65 ± 22 p,g Fe/I. Sampling took about 15 min.
VARIABILITY OF RESULTS
The variability of replicate iron determinations has been discussed by other workers, and was turned to account by Cooper (1948) who assessed, by statistical treatment, the size and distribution of iron-containing particles in the water. Lewis & Goldberg (1954) were at some pains to obtain replicate samples from deep water and gave a statistical analysis of their data from nine Pacific Ocean stations.
RESULTS OBTAINED Iron concentrations found by the digestion metho9. in samples from the Plymouth Laboratory stations L2 to L6 and at the International Hydrographic Station E I during 1955 and 1956 are given in Table 4 . As would be expected there is appreciably more iron in the coastal waters. There is a seasonal variation, more iron being found in the winter months, which may be caused by the increased run-off from the land and greater turbulence in winter. There is often, at Station E I, more iron at the surface, as observed by Cooper (1948) . Iron concentrations are very much higher than those reported by Cooper for 1933 Cooper for and 1934 Cooper for and 1946 Cooper for and 1947 . This is ascribable to the difference in the analytical methods.
Results from two other stations in the English Ghannel and from three positions off the Brittany coast in the northern part of the Bay of Biscay are given in Table 5 . Figures from four deep-water stations in the Bay of Biscay are given in Table 6 . 
